Objective To describe injection practices worldwide in terms of frequency and safety. Design Literature review. The global burden of disease project of the World Health Organization defined 14 regions on the basis of geography and mortality patterns. Data sources included published studies and unpublished WHO reports. Studies were reviewed by using a standardised decision making algorithm to generate region specific estimates.
Introduction
Poor injection practices have been reported worldwide.
1 2 Many injections are unnecessary and unsafe. 3 Of particular concern is the reuse of injection equipment in the absence of sterilisation (fig 1) . The combination of injection overuse and unsafe practices results in a major route of transmission for hepatitis B virus 4 and hepatitis C virus. 5 Other complications of unsafe injections include infection with HIV, 6 abscesses, 7 septicaemia, 8 malaria, 9 and viral haemorrhagic fevers. 10 11 As part of the 2000 update of the World Health Organization's study of the global burden of disease, 12 13 we estimated the global burden of disease attributable to contaminated injections in healthcare setting. This paper summarises the input variables of the mathematical model in terms of the annual number of injections per person and the proportion of injections administered with syringes and needles that are reused in the absence of sterilisation.
Methods

Definitions
Healthcare injection
We defined a healthcare injection as a procedure that introduces a substance into the body through a piercing of the skin or a mucosal membrane for the purposes of curative or preventive health care, whether administered in a formal healthcare setting (for example, a clinic or hospital) or other settings (such as homes or pharmacies). Injections of illicit drugs were not considered in this study.
Reuse of injection equipment in the absence of sterilisation
We defined reuse of injection equipment in the absence of sterilisation as the administration of an injection to a recipient with a syringe or a needle that had been used previously on another person and that was reused in the absence of sterilisation. In this paper we will refer to reuse of injection equipment in the absence of sterilisation simply as "reuse of injection equipment."
Sources of information used for the estimation of injection practices indicators
Regions used
The regions from the 2000 study of the global burden of disease that were used in this analysis were based on the WHO regions. 14 These WHO regions were then subdivided into subgroups (box) that were similar for selected vital statistics, including child and adult mortality. Subgroups were designated with a letter ("A" reflecting the lowest mortality and "E" reflecting the highest mortality). 14 
Injection practices indicators
We excluded four regions (European A, eastern Mediterranean B, American A, and Western Pacific A) that represented mostly industrialised countries as we considered the proportion of reuse negligible. To overcome the paucity of information available regarding injection practices in the published literature, we used exhaustive search strategies and unpublished reports. We searched published studies in Medline and the Index Medicus, using "injection" as a keyword. In addition we searched unpublished WHO reports, including evaluations of the expanded programme of immunisation (EPI) and other reports circulated since 1999 through the SIGNpost electronic mail newsletter. 15 16 We also reviewed relevant references quoted in identified articles. We used a standardised study abstraction instrument to review all studies, appraised them according to their quality, and entered them into an electronic database.
To estimate the annual number of injections per person for each region, age, and sex, we restricted our selection to, firstly, population based surveys conducted for the purpose of estimating the frequency of injections and, secondly, other population based data providing estimates of the frequency of injections. In each region, we averaged the estimates of all studies, corrected for the distribution of injections among male and female recipients and among age groups if one of the studies in the region provided that information. Finally, we corrected for additional immunisation injections among children under 5 if the data source did not take this factor into account.
To estimate the proportion of reuse for each region stratum, we restricted our selection to standardised observational studies of injection practices 17 and studies of injection practices conducted by using nonstandardised methods. In the absence of data in some regions, we back calculated the proportion of reuse using a mass action equation 18 19 and the relative risks of infection with bloodborne pathogens associated with receiving injections published in analytical epidemiological studies. In each region, we averaged the estimates of all studies. We excluded estimates based on non-standardised methods if assessments using the WHO standardised tool were available (the limitations of non-standardised assessments included nonrepresentative sampling, small sample sizes, and the absence of observations). We considered estimates based on back calculation only if higher quality information was not available (except in the eastern Mediterranean region, where the injection safety assessment focused mostly on the informal private sector).
Uncertainty analysis
We used standard error formulas to calculate the upper and lower estimates for the annual number of injections per person and the proportion of reuse. When the proportion of reuse was estimated on the basis of measures of association, the standard error was derived from the proportion and the sample size of the study. For regions for which good quality data were available on injection frequency (injection frequency surveys) or injection safety (standardised or nonstandardised injection safety surveys) we calculated the lower and upper estimates on the basis of a 95% confidence interval (2 standard errors). For regions for which only lower quality data were available we used an arbitrarily larger interval to account for added uncertainty (4 standard errors).
Results
Regional estimates of the annual number of injections per person
In eight regions surveys had been conducted with the objective of estimating injection frequency (table 1) . 20-23 w1-w4 In seven regions we obtained other population based information from control groups of case-control studies that examined the use of injection as a potential risk factor for various conditions. The European region C had the highest injection fre-
Countries included in the global burden of disease regions
African region D includes: Algeria, Angola, Benin, Burkina Faso, Cameroon, Cape Verde, Chad, Comoros, Equatorial Guinea, Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Madagascar, Mali, Mauritania, Mauritius, Niger, Nigeria, Sao Tome and Principe, Senegal, Seychelles, Sierra Leone, Togo. Regional estimates of the proportion of reuse Eleven observational injection safety surveys had been conducted by using the standard WHO tool in three regions (WHO unpublished data, table 2). Four non-standardised observational injection safety surveys had been conducted in four regions. 24 Among regions for which quantified estimates were available, South East Asia region D was the region with the highest proportion of reuse (75%), followed by eastern Mediterranean region D (70%) and western Pacific region B (30.0%, fig 2) . The region with the lowest proportion of reuse was European region B (1.2%).
African region E includes:
Discussion
In the year 2000 the safe and appropriate use of injections remains elusive. [20] [21] [22] [23] [24] [25] [26] [27] Under the conservative assumption that the regions in Latin America for which no data were available would follow the pattern of reuse observed in eastern and central Europe, we estimated that 6.7 billion (39.3% of all) were given with reused equipment each year. These figures constitute a call for action since effective and affordable interventions are available.
The high frequency of injections reported contrasts with the paucity of data that are available to describe them. In that respect, our study should be seen more as a first attempt to organise information in this field and underline the need for better quality data. Until recently, few tools for assessment or evaluation were available. The WHO programme on essential drugs proposed the proportion of prescriptions including at least one injection as a critical indicator of rational drug use. [28] [29] [30] The demographic and health surveys (DHS) have included questionnaire items regarding injections received in some countries. 31 The expanded programme on immunisation has conducted nonstandardised surveys into the safety of injections surveys for several years. Since 2000 these assessments have been conducted systematically and with a standardised tool. Our analysis indicates over16 billion injections each year in the 10 regions included in our study. The crude annual number of injections per person was the highest in the former socialist economies of the European region. Most injections in these countries are administered in public facilities, with a high number of injections per prescription. 20 21 Although providers commonly emphasise patients' demand as a major driver of injection overuse, surveys indicate that patients are open to alternatives to injections. 20 32 Prescribers overestimate patients' preference for injections and have false preconceptions about their effectiveness. 33 Prescribers' attitudes thus also contribute to overuse of injections. Use of injections was also high in the Middle East and South Asia. In these regions a high proportion of injections is administered by informal private providers. 22 24 25 In such settings, providers' attitudes also drive injection overuse. 5 34 Injections are often used on an ad hoc basis to administer mixtures of medications, in the desire to meet what is believed to be the demand of the user. 24 34 Our review indicates that injections are given in a way that may harm the recipient. Determinants of these unsafe injection practices include the lack of single use injecting devices, 35 the lack of awareness of the risk of HIV infection associated with unsafe injections, 23 24 and the absence of sharps waste management. 36 Interestingly, injection practices are safer in sub-Saharan African than in the Middle East and South Asia. The proportion of the population aware of the potential risk of HIV infection through unsafe injections was 24% in Pakistan in 1998 (Steve Luby, Centers for Disease Control and Prevention, personal communication, 2000), 19% in India in 1999, 23 and 52% in Burkina Faso in 2001. 37 The consequences of the HIV pandemic have been perceived more acutely in Africa than in Asia. A higher awareness regarding the risks of HIV infection associated with unsafe injections in sub-Saharan Africa 38 may therefore partly explain this difference observed in the proportion of reuse.
Limitations
This study has several limitations. Firstly, we did not estimate the frequency of other breaks in infection control practices that can also lead to infection. 39 40 Secondly, observer induced modifications to behaviours may have led to better practices in some surveys of facilities. Thirdly, we examined only the risks associated with unsafe injections among recipients of injections. A separate study was conducted to estimate the frequency of needlestick injuries among healthcare workers, 41 but the adverse health consequences of poor management of sharps waste on communities have not been measured. Fourthly, publication bias could have affected our results if studies were initiated in response to perception that injection practices were poor in a particular location. Finally, the frequency distribution of the number of injections received tends to be skewed to the right because of a small proportion of the population receiving a very high number of injections (for example, diabetes patients). Some of the studies that we included may have had a sample size too small to include these individuals. Our injection frequency estimates may therefore be underestimated and not be usable directly to forecast injection equipment needs.
Recommendations
Policies for the safe and appropriate use of injections aim to eliminate unnecessary injections and to achieve safe practices. 42 Firstly, HIV programmes should communicate the risks associated with unsafe injections. Secondly, essential drugs programmes should ensure access to single use injection devices and build rational use of injections in the national drug policy. Thirdly, donors and lenders who supply injectable sub- 43 proposes a list of indicators together with data collection instruments so that injection practices can be assessed and evaluated systematically. 
What is already known on this topic
Unsafe healthcare injections can transmit bloodborne pathogens
What this study adds
Overuse of injections is common in developing and transitional countries, reaching 3.4 injections per person per year Reuse of injection equipment in the absence of sterilisation occurs in almost one in three injections in developing and transitional countries
